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1 | INTRODUCTION

As is well known, integrable nonlinear models play an important role in the study of nonlinear wave propagation.
Most of such systems are often widely applicable in nonlinear optics, water waves, hydrodynamics, plasma physics, and
molecular biology. Among them, the nonlinear Schrédinger equation (NLS), the Korteweg-de Vries (KdV) equation,
and the sine-Gordon equation are celebrated examples. Since integrable systems have exceptional mathematical proper-
ties and numerous physical applications, their multi-component generalizations have attracted much attention of many
researchers. One of the most famous examples are Manakov's two-component NLS equations, which has been studied by
a few authors.!”
Another interesting soliton equation is the complex modified Korteweg-de Vries (mKdV) equation

Up + U + 6]uluy = 0, (1)

which is also the third non-trivial member of the NLS hierarchy, and its integrability and large class of exact solutions have
been studied extensively, such as conservation laws, exact group invariant solutions,® periodic traveling waves solutions,’
breather solutions, rogue wave solutions,?° interaction complex solitons,'® and numerical solutions.!! Liu et al'? gave the
explicit formulas of smooth positon solutions and discuss the decomposition, trajectory, and phase shift of the positon
solutions. Recently, Ablowitz and Musslimani'?® proposed the nonlocal integrable complex mKdV equation. In addition,
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in Ma et al,' the dark soliton solutions, W-type solitons, M-type solitons, and periodic solutions of the nonlocal complex
mKdV equation were investigated by using the Darboux transformation (DT).

Itis essential to note that generalizations of the mKdV equation to a multi-component system, such as a matrix equation,
has been studied by many scholars. For example, a vector version of the mKdV equation was proposed by Yajima and
Oikawa.!> Sasa and Satsuma solved the initial value problem of the equation, and obtain multi-soliton solutions.'® Iwao
and Hirota considered a coupled version of the mKdV and constructed multi-soliton solutions.!” Tsuchida and Wadati
extended a matrix version of the mKdV equation.!® Furthermore, on the basis of the matrix form inverse scattering
formulation, Zhang et al investigated the multi-soliton solutions.

The complex mKdV equation can be extended to the coupled case

U + Ugee + 6(JU? + [V]P)u, =0, @

Vi + Ve + 6(|ul + V[P = 0,

which can be used to describe the interaction of two orthogonally polarized transverse waves. Meanwhile, it has been
proposed as a model for the nonlinear evolution of plasma waves and incorporates the propagation of transverse waves
in a molecular chain model.

The binary DT is an efficient method to construct exact solutions for integrable systems.??> In the present paper,
by iterating a standard binary DT, a variety of soliton solutions of Equation (2) in terms of the quasideterminants are
generated from the zero and nonzero backgrounds. Nice quasideterminants play a prominent role in presenting binary
DT of nonlinear physical systems.

The outline of this paper is as follows. In Section 2, we first present the Lax pair and construct a 4 X 2 eigenfunction
and corresponding constant 2 X 2 square matrix for the eigenvalue problem of Equation (2), and then we propose a
binary DT, which can be considered as the dimensional reductions from (2 + 1) to (1 + 1), on the basis which an Nth
fold iterative transformation in terms of quasideterminants will be derived. In Section 3, several special types of solutions
from vanishing and non-vanishing backgrounds are derived and classified. These solutions include bright-dark solitons,
bright-bright solitons, bright-W-shaped solitons, breather solutions, periodic solutions, and rogue wave solutions. Finally,
Section 4 contains some discussions.

2 | LAX PAIR AND BINARY DARBOUX TRANSFORMATION

2.1 | Lax pair

The Lax pair for the coupled complex modified KdV equations is given by

®, = —(L — 0D,
= —( ) 3)
<DI=—(M—6£)(D,
where
L=0+A+R M=0,+43T+44°R-2AQ+ W,

(I 0 0 -G u* —v
=i(0) x=(e ) o=(V )

. GG" Gy G.G' — GG Gn+2GG'G
Q=i i) W= i GGt GIG- GG, )
G, -GG -Gy, —2G'GG" GG - G'Gy
where I and O denote the 2 X 2 identity matrix and 2 X 2 zero matrix, the * and the { represent the complex conjugate and
the Hermitian conjugate, respectively. The compatibility condition ®,, = @, generates Equation (2).
To obtain some interesting exact solutions for the system (2), it is essential to derive the corresponding DT. Before
presenting the DT, we give the following symmetry property for the Lax pair (3).

with

Proposition 2.1. If ¢ = (¢, ¢, b3, )7 is an eigenfunction of the Lax pair (3) with an eigenvalue A, then y =
(&5, —d7, b5, —¢§)T is also an eigenfunction of the Lax pair (3) with an eigenvalue —A*.
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One can check this by direct computations. Thus, we can define a 4 X 2 matrix eigenfunction # with a 2 x 2 eigenvalue
matrix A, where

b1 @)
_| &2 -] _ (4 0
O=1¢s o | A—(O—A*) @
¢s —}
satisfying
0, +JOA+ RO =0, (5a)
0; + 470A% + 4ROA* — 2Q0A + W6 = 0. (5b)

2.2 | Binary Darboux transformation

From the knowledge of the binary DT, we consider the following linear differential operators
N N
L=0+ ) wdy, M=0d+ ) v, (6)
i=0 i=0

where uy; and v; are m X m matrices.
Then, we can propose the following standard DT.

Theorem 2.1. Let 0 be a non-singular m X m matrix solution of the linear system

L(¢) = M($) = 0. ™)
Then, the Darboux transformation ¢ = Gy(¢p) = 00,07 ¢ keeps the linear system L(¢) = M(¢p) = 0 invariant:

L(p) = M(9) =0, (®)

where the linear operators L = GgLG;1 and M = GgMGé,‘l have the same forms as L and M:

N N
L=0c+ ) wo,, M=0+ ) v 9)
i=0 i=0

The corresponding binary DT is constructed by composing a DT with the inverse of another.

Theorem 2.2. Let 6 and p be m X k matrix solutions of the linear system L(¢p) = M(¢) = 0 and its adjoint system
L' (w) = M (w) = 0, respectively. Then, a binary Darboux transformation

By, =1-06Q(0,p)7'Q(, p) (10)

and its adjoint
B, =1-pQ(0.p)7'Q0.)", (11)

where (0, p), = p'0, preserve the linear system L(¢p) = M(¢) = 0 and its adjoint system LT (y) = M (y) = 0, respectively.
In the following, we construct the Nth-iterated binary DT on the basis of the above theorem.

Theorem 2.3. Let 0;,0,, ...,0N be N linearly independent solutions of the linear system L(¢p) = M(¢p) = 0, and
P1s P2 - py be N linearly independent solutions of its adjoint system LT(y) = M'(y) = 0. Then, the N-fold binary
Darboux transformation can be represented in terms of the quasideterminants

Q(©,P) Q(¢, P)

8

$IN] = , (12a)
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Q(O,P)" QO,y)"
P
where ® = (01,02, ...,0n), P = (pg,p2, -5 pn), AO,P) = Q(0i, p)ij=12...~ is an N X N matrix, Q(¢p,P) =
Q(¢, pj))j=1,2, _.nisan N X 1vector,and Q(O, y) = (Q(w, 0:))i=12 ... N isa 1 X Nvector.

y[N] = ; (12b)

Now, we consider the reduction of the binary DT from (2 + 1) to (1 + 1) dimensions by the separation of variables

b =¢'(x,0e”, 0=06(x, e,

13
v =y (x,etr, p=p(x, l')eny, (13)
where 4, u are constant scalars, and A, IT are N X N constant matrices. Hence, the matrix operator L and M become
N N
L' =0c+ D i, M =0+ Y vii (14)
i=0 i=0
From this, it follows that the y dependence of the potential Q can be also made explicitly as follows:
Q0. p) = 1IN, e, Q. p) = eTHDIQI(Y, ), (15a)
where IT and A satisfy
Q" p") + Q0" p)HA = p""6", (" + ADQ' (@, p") = p"¢' (15b)
Then, for notational simplicity, we omit the superscript r denoting reduced objects and discuss the binary DT in this
reduced case. For example, if we choose the involved constant matrices to be diagonal, A = diag(41, 42, ..., An) and
I = diag(uy, 4y, ..., 4y), We could obtain the explicit expressions
9):, t )
20,9 = L o =L =12 N (16)
)’j + ,l/li A+ /li

In the Lax operators L and M, the matrix coefficients J and R are both skew-Hermitian. So we can easily check L + Lt =
0,M+M' = 0. On the basis of this property, we choose p = # and IT = —A to keep constraints among the potentials in the
matrix R. In addition, L is form invariant under the binary DT

L->L= Bg,,,LB;; =0+ AJ+R, 17)
where
R=R+1J,00Q0,0)'6"]. (18)
For notational convenience, we introduce the following 4 x 4 matrix
1 0 G
and then we have R = [S, J]. Further, it follows that
- Q(0,0) 6F .
S=S+ ©.6) =S-60Q(,0)7'6", (20)
0 [o]

where Q(6, 0) satisfies

Q6,0)A - ATQ(6,6) = 66. 1)
Theorem 2.4. Suppose thereare N different linearly independent solutions 6;, 0, ..., 0y for the system L(¢p) = M(¢p) =0
corresponding to A, A, ..., AN, respectively. Then, we have the following N-fold iterative potential transformation:
Q(0,0) OF
SIN] =S+ , (22)
o [9]
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where O denote the 4 X 4 zero matrix, and

Q(6,6,) €2(03,01) ... ON,01)

s

Q(61,0n) Q(62,6n) ... QON,0N)

Pak—3 ¢j§_2
¢4k—2 _¢ik_3 ,
a1 Py

*
¢4k _¢4k—1

@ = (91’92’ (X ’GN)’ gk = (k = 1, 27 "'N)5

where €(0;, ;) satisfies the relation

WILEY——%2

Q(6;,0)A; — Ajg(ei, 0,) = ajei, A; = diag(hi, =49, (i,j=1,2, ...,N). (23)
It follows from this relation that the potential Q can be written explicitly as
Q0= (50 G 24
( i» j) - Glj _F:; > ( )
with
1 s * * *
Fi; Zm(¢4i¢4j + haic1y; ) + baiaby;_, + Paicady;s),
7 25)
ij = (Pai—3Pajo — PaiaPaj_3 + Pai_14; — Paihsj_1).
A + Aj
By substituting Equation (24) into Equation (22), we can get the transformations between the fields
| @©,0) o | @®,0) o}
U[N] =u+2i Ll=u+2i 41, (26a)
OF] D, @
Q ! Q o
V[N] =v+2i ©.0) ¢, =v-—2i ©.0) o, , (26b)
@ [0] @ o]
Q ®! Q @’
u[NT* = u* +2i ©.©) =u*+2i ©.6) o, , (27a)
q)1 4
Q o Q !
WINT = vt 4 21| KOO Dal e 5| XO-O) Dyl (27b)

D, @ Dy @

where @; (j = 1,2, 3,4) is the jth row vector of the matrix ©. By using the properties of quasideterminants, it is easy to

check that the above relations are consistent.

3 | SOLUTIONS OF THE COUPLED COMPLEX MKDV EQUATIONS

In this section, our concern is to construct different types of exact solutions of Equations (2) from vanishing and

non-vanishing backgrounds.

3.1 | Solutions with vanishing background

Firstly, let us consider the once-iterated potential transformation

uil == " B2 + 285)
I P P PG SR
V[l] =v-2i (/ll_ii) (¢*¢ _d) ¢*)
T TP (el s (a2 2 T

(28a)

(28b)
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For the zero seed solutions u = v = 0 of Equation (2), the linear system L(¢)=M(¢)=0 becomes

¢+ AJp =0, (29a)
G+ 41T =0, (29b)
which has the solution
¢ = (ae™®, pe, yek, 5¢9), &= Ax +42%0), (30)
where «, 8, y, and 6 are all complex constants.
Case 1(N = 1) In order to obtain the one-soliton, by substituting the solution ¢ = (1, Pa, P3,ps)T =

(a7, pre™, yreier, §1e)T associated with & = A (x+443t), 41 = a; +ib;(b; # 0) into Equation (28), we can obtain the
following breather solution of Equation (2):

_4bil(@)r1 + f16))cos(z) + i(B16] — af y)sin(v)]
- mycosh(n) + mysinh(n)
4bi[(a187 = Biy1)eos(z) + i(an 8} + Biy)sin(r)]

Vil =~ mycosh(n) + mysinh(y) ’ (31b)

u[1] , (31a)

where
T = =2a;[x + 4(al — 3bD)N)], n=—2b1[x + 4(3a} — b))l
my =l >+ A1+ Inl>+ 16115 mo=nl®+ 617 = laal? = |4
Through the above expression of solutions, we can see this kind of breather solutions is characterized by six involved
parameters of a1, f1, 71, 61, a1, and by. Notably, these breather solutions degenerate to bright vector solitons when either
a1 =0,0r f; =0,0ry; =0,oré =0.Without loss of generality, we can take a; = 0, and then we get the following vector
bright one-soliton solutions:

(32)

4b1 16} ;
u[l] = . er,
mscosh(n) + mysinh(n) (33)
o1 = 4bi1pin s
" mscosh(n) + musinh(n)
where
my =B+ Inl®+ 16115 ma=Inl*+16° - 1A% (34)

In order to avoid u[1] (or v[1]) being zero, we require ,517, # 0. On the basis of solution (33), we find that the velocities
of u[1] and v[1] components are both 12a§ - 4bf. In addition, we see that the u[1] and v[1] are not proportional to each
other but u[1] and v[1]* are proportional to each other. Namely, the two intensity distributions of |u[1]| and |v[1]| are
proportional to each other.

To give us a clear understanding of the solution, we exhibit the dynamics of solutions of |u[1]|? and |v[1]|? by plotting
the solution. Figure 1 depicts the evolution plot of a vector breather solution and it is seen that |[v[1]|? possesses the feature
of breather and bright solitons. Figure 2 shows that the |u[1]|? and |v[1]|? are both bright solitons of the bell profiles. From
the density plot, we can see that the trajectory of |u[1]|? and |v[1]|? are along the same line.

Case 2 (N = 2) To derive two-soliton solutions, we need to choose another solutions of the linear system L(¢) = M(¢) =
0 as @21 = (s, 6. 7. Ps)T = (@72, fre7%, y,e'%, 5,¢'%)T associated with & = Ay (x + 442t), 4, = az + iby(b; # 0). Then,
we obtain the two-soliton solutions for Equation (2) as

[le &4

FIGURE1 The Ma breather solutions:
Parameters

@ =5h=ln=26=14=3
[Colour figure can be viewed at

wileyonlinelibrary.com]
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3
0.6 4

FIGURE 2 Bright-bright solitons: Parameters a; = 2,4, = 1,71 = % 6=0,4 =i+ % [Colour figure can be viewed at
wileyonlinelibrary.com]|

Fin 0 Fn G5 ¢]

0 _FTI Ga _F;1 b2

u21=2i|F, G, Fn 0 ¢|, (35a)
Gy —Ffz 0 —F;‘Z bs

b5 b5 b b [0]

Fnu 0 Fu G ¢;

0 —Fi"l Gxn —F;l -

V[Z] = 2i F12 Giz F22 0 (]’)Z . (35b)
G, -F;, 0 —Fj, —¢s

b3 P, D1 Py

On the basis of Equation (35), we only investigate the asymptotic behavior between two vector bright solitons for the
coupled complex mKdV system. In the first place, we take parametersa; = iy =y, = 6, = 1,73 = —i + %, 6 = ap =
0. =31 =i+1 A= %i. The corresponding two bright-bright solitons are shown in Figure 3, which displays the
elastic collision of two bell-shaped bright solitons. We can see that after collision, the two bright solitons pass through
each other without any change of shape and amplitude.

In studies of the elastic collision between two bright solitons, multi-bright-soliton bound states are an interesting sub-
ject. To obtain bright-bright-soliton bound states, the two bright-bright solitons in the solution should have the same
velocity. In Figure 4, we choose b; = b,, a; = a; = 0 to keep the same velocity so that the two constituent bright solitons
can stay together for all times.

In Figure 5, the bright vector solitons between two components undergo the partial energy exchange inelastic collision.
In fact, the complete energy exchange of two bright vector solitons also occurs in coupling models for suitable choice of
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FIGURE 3 Elastic collision between two bright vector solitons: Parameters
=P =yp=6=1pn=-i+ é b1=a;=0,p=-3 41 =i+1 4 = %i [Colour figure can be viewed at wileyonlinelibrary.com]

parameters. Moreover, with the vanishing boundary conditions u[1]|x~+e0 — 0,V[1]|x~+e — 0, it is clear that the total
energy of Equation (2) is conserved from the integral of motion for Equation (2), which is

+oo
/(|u|2 + |v|?*)dx = constant. (36)

—00

3.2 | Solutions with nonvanishing background

Case 1 For nonzero seed solution u, v with ¢; (j = 1,2) as complex constants. Substituting u, v into the Lax pair L(¢) =
M(¢) = 0, we obtain the general solution ¢ = (¢;, ¢, s, $4)7, where

¢1 = pe’ +ye™, (37a)
P2 = b€’ +ae™, (37b)
Ps=e"x (6 +c1f) + e yT(ca + cry), (370)
pa=e"yr(ci6 —cp)+ eV yT(cia—chy), (37d)

in which g, y, 6, a are all complex constants, and

iIA+ivVA2+ 1|2 + |ea)?
V= iVia F Gl + 2l + 202 - (al + loP, g* = 2=V E Flal tlal

le1]? + [ez|?
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FIGURE 4 Bright-bright soliton bound states: Parameters a; =2, =y1 =y, =6 =i, e =-1,6; = =0,4; = ﬁi, Ay = %i [Colour
figure can be viewed at wileyonlinelibrary.com]

By inserting Equation (37) into Equation (28), we can obtain explicit solutions of Equation (2). For convenience, we have
chosen 4, = ih(h #0) as a pure imaginary parameter. In what follows, there are two distinct cases according to the

different values of the parameters.

(1) If h > 4/|c1|? + |c2|?, we have

_-h= Vh? = (|12 + |ea]?)

+

= —Vh2 = (|e1]? + |e2|P)[x = 22k + (|e1 | + |e2 )1,
v=—vVh = (la]? + |eP)lx - 22k + (la ] + ),z PNENRNE
Then, by a direct calculation, we get
u[l] =0 <1 - ﬂ141> , (383.)
1K
V[l] =C <1 - ﬂ142) s (38b)
CK

with
k=12 + 160+ xF el + e+ ey P + a1+ 2~ (el + lel?)]

+(Pr" + By F 6 A SO + 1y (el + e,
Ar =" yrapl* +161°) — e ymalal® + [y ) — xTlei(Br” + 6" a) + 267" = )]

-1 [a@p” +a*d) + c(ap” —y* )],
Ay == yre(IfP + 161 — e ymeallal® + Iy 1?) — xHe(Ba” — 8*y) + ca(Sa* + By)]

= X lays” — a*B) + ca(ad™ +y* Pl
From Equation (38), we can see that |u[1]|> — |c;|? and |v[1]|?> — |c;|? as t — =+co. Below, we consider the asymptotic
property of the solution. We only do this for the solution u[1], since the asymptotic analysis for the solution v[1] is similar.
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-1 €48 06 -04 02 o 02 04 06 03 1

FIGURE 5 Inelastic collision between two bright vector solitons: Parameters
a=-1,=1L,n=1i-1,6=0=0,a, = %,yz = %i, 6,=2=i+1,4,= %i [Colour figure can be viewed at wileyonlinelibrary.com]

For simplicity, letting e = Y > 0, then d|u[1]|?/dY = 0 gives

FY)=FY*+FY*+FY>4+F,Y+Fs=0, (39)

where
Fi = [2|e1*dsgigs 2 — digi(cr02 + cjonl(dy + 4hy™),
F, = 4|a1|’glga(dayt — diy )(d1 + 4hy™) — dsgigs(cron + € o1)(dy — dhyt) — 2g1(4hd1 0102 — o1 Pdagix ™),
F3 = 6g182(day* — diy7)[2h(c102 + ¢ 01) + || dags),
Fy=4|c1P@1g5(day — diy )(da + dhy7) + dagags(croz + ¢jo1)(da — 4hy ™) + 28,(4hdr0100 — o1 1Pd2ge 1),

Fs = gldx(c102 + ¢ 01) — 2|c1*dags y1(da + 4h ),
with
di =1+ (alP +lel®), g =187 +18%
=1+ r (alP+lcl®), g=la?+Ir%
=1+ "y (el +1cl®), g3 =pr* + 'y + 6a* + 6*a,
o1 = x By’ + 8 a)+ (67" — Fra)l + y [ei(y f* + a*8) + ca(af” — y*6)],

02 = xtIe](B"y + 8a™) + ¢5(8"y — pa) + x7[Ci(r"f + ad™) + ¢y (a” f — y5")].
It is obvious that the shape of the solution depends on the parameters which determine the number of positive real root of
Equation (39). As a result, we find that there exist three different kinds of nontrivial solutions: the bright-bright solitons,
the bright-dark solitons, and the bright-W-shaped solitons. To make the solutions more concise, we take specific values

for the parameters.
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Tk

v)
Juel= '

FIGURE 6 Bright-dark solitons: Parameters =0,y = = a = ¢; = 1,¢; = —1, A4; = 2i. The peaks values for |u|? is 0.52397 and for |v|? is
6.80936 [Colour figure can be viewed at wileyonlinelibrary.com]

elfwetake f=1,y=1,6 =1, ¢ =1,¢; = 1, ¢, = —i, A1 = 2i, the solution |u[1]|> and |v[1]|? are both bright solitons.
In this condition, we find F(\/E —1)=0and F (\/5 — 1) < 0 and Equation (39) has one positive real root.

eIfwechoose =0,y =1,6 =1, a =1,¢c; = 1,¢c, = —1, 4; = 2i, the solution |u[1]|? is a dark soliton and the |[v[1]|?isa
bright soliton. The condition involves F(2 — \/5) =0and F'(2 - \/5) > 0. The bright-dark soliton is described in Figure 6.
The number of positive real roots is the same as the above.

elfwechoose =1,y =0, =1, a=1,¢c; =1, =2, 4 = \/Ei, the solution |v[1]|? is a bright soliton and the
solution |u[1]|? is a W-shaped soliton which has one hump and two valleys on the hump's two sides (see Figure 7). It is
noted that Equation (39) has three different positive real roots. In addition, the hump's value increases when h does under
this condition.

(2) If h < 4/|c1|? + |c2|?, we have

v =ivV(le? + |ea]?) — h2[x — 22k + (Je1 | + le2| )],

. —hii\/|01|2+ |Cz|2—h2
X = :
le1]? + |ea|?
After some calculations, one can derive the periodic solutions for the system (2)

ulll=¢ (1 - ﬂm) , (40a)
ClA
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FIGURE 7 The propagation
dynamics of W-shaped soliton
and bright soliton: Parameters

ﬂ=5=a=01=1,y=0,C2=
2, 4, = y/15i [Colour figure can
be viewed at

wileyonlinelibrary.com]

V[l =c, <1 - ﬂm) , (40b)
C2

where
A=eGa + By + xt (el + e+ e a+ L+ 1 (el + eal?)]
+(lal?+ P+ 1617 + 1B+ x* 2~ (erl® + le2 )],
Dy =—e"yta(r B+a*s) — e y ey + as®) — ytlaf)? + lal?) + c(f*6 — yia)]
— 2 lealy)? + 1613 + calay™ — *6)],
Dy =—e T a(r' B+ a*s) — e y ey + ast) — ey + 181%) + er(B* — ya®)]
— 2712181 + |al®) + cr(a*y — B5*)].

Under the conditions: f = 1,y = 0,6 = 1,a = 1,¢ = ¢; = 1, 41 = i, we get periodic solutions with the period
Tiime = %, Tspace = 7 as shown in Figure 8. Moreover, when Re(4,) # 0, we can obtain the kinds of complicated breathers,
which change periodically and are lower or higher than the background, or sometimes lower, sometimes higher than the
background.

Case 2 In this case, we try to obtain explicit rogue wave solutions for Equation (2) by using the generalized DT. Here,

we begin with the following plane wave seed solution

u=ce”, 6 =ax+[al-6(c+Dalt,
i0 3 2, 2 (41)
v=ce", 60y =ayx+[a;, - 6(c] + cy)azlt,

where g; and ¢; are all real parameters. After substitution, we obtain the following special solution

ael® 4 pel®:
(a8l + pSei@2)el =02

D) = =00 iw —¢1=60 iw,\ i s 42
4 (a ia1+i§é—iie Lt ﬁia1+i§23i/le »)e “2)

Pl 10} &0 i, ,—10.

(@ —iaz+i§1—i/1e Lt P —ia2+i§z—i/1€ 2)em

with
wi = Ex +[E =347 + (347 = 3¢} = 3c)& + 34° + 3(c) + €3)A + 3(aic] — axc3)
+ 36cic0(ar + ap)lt, (i=1,2),

where «, §, 6 are free complex constants and ¢; satisfies the following equations

c1+c6 c c;—C16
—-c —
ar+&—4 —a+&i— A
C1+C25 Cz—C15

ol —ay+&+A)—c +c =
(ai—ay+&+4) 2(11_'_&_)b 1_(124_&__/1

§i+i—cl

bl

(43)
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FIGURE 8 (A,B) The space-time periodic solutions |u|? and |v|? with Ty, = % and Typeee = 7 as parameters
p=6=a=c =c,=1y=0,4=i;(CD) time period at x=0; (E,F) space period at t=0 [Colour figure can be viewed at
wileyonlinelibrary.com]

. 1 . 3it4x— 1 —3i(4x—
For example, taking ¢; = 1, ¢; = Sa = %, a, = —%, & = 0, we have the seed solutions u = es" ™19 _y = se g l4x=210)

Based on the above analysis, we can obtain the corresponding solution

3 .
e Ez(4x—21t)(ae,4 + ﬂe‘A)
0

3.
e (g0t + pere)
—5e T g et + prre)

D) = (44)
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e

FIGURE9 The temporal and
spatial structure of first-order

vector rogue waves: Parameters

1 3
a=lg=sa=-0,=7,a=

1, = 6 = 0 [Colour figure can be

viewed at wileyonlinelibrary.com]

where .
A= V1602 =240+ 29i [x+ (442 + 34 - Z> .
4i
&= ,
34+ V1642 —244+29 - 44

—4i
G2 =

=3+ 11642 — 241 +29 + 44
\5

2

1
4

Now we manage to find a generalized DT. Let 4; = % — X2j, where ¢ is a small parameter. Expanding the vector ®(1; + ¢?)

in Equations (44) at ¢ = 0, we obtain

O =0 + dle? + et + .. + NN 4 (45)

where @Vl = L 22| d(e), (j=0,1,2, ...)
2))! de 1€=0ERE)s 2l eee )

Through the following limit process

000, 0)"1 Q@ 9)
A=A

B9,p | A=A +€2(D
€2

D[1] = 1in3 = Byl 1=, @M + , (46)

\/g

we find a solution to the Lax pair (3) with u[1], v[1], and 4; = % - Ti' This allows us to go to a first generalized DT, and
substituting the above data into Equation (28), one can directly derive the form of the first-order vector rogue waves of
the system (2). For a set of given values a« = 1, # = 0, the first-order vector rogue waves are of the form

u[1] = esi@-210 (1 - M) ’
M

v[1] = le—gi(4x—21t) (1 _ w> ’

2 M

(47)

where
M = 8145£% — 241/5t — 120xt + 80x2 + 321/5x + 32.
Figure 9 displays the temporal spatial structure of first-order vector rogue wave solutions.
It should be pointed out that high-order soliton solutions of the complex mKdV equation have been derived by DT
systemically.®26

4 | CONCLUSION

In this paper, we have investigated the coupled complex modified KdV equations. By constructing a binary Darboux
transformation, we have obtained various kinds of exact solutions, including bright-bright solitons, bright-dark solitons,
bright-W-shaped solitons, breather solitons, periodic solutions, and rogue waves solutions. It will be an interesting topic
to study higher order rogue waves for the coupled complex mKdV equations. We plan to report our results in a separate
publication in the future. The binary Darboux transformation can be also extended directly to the N-component complex
mKdV equations and other equations of different types including integrable couplings (see, eg, Ma & Zhang?’ for DTs of
integrable couplings).
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